Experience gained during the past 7 years with the prolonged administration of probenecid (Pascale, Dubin, and Hoffman, 1952; Talbott, 1953; Gutman and Yu, 1955;  Bartels, 1955; Bauer and Singh, 1957) or of salicylates (Marson, 1953 (Marson, , 1954 (Marson, , 1955 has shown that continuous therapy with a uricosuric agent in effective doses, is the only practical method at present available for preventing the complications and morbidity which occur in patients with chronic gout. Subjective and objective improvement have been recorded in nearly all instances where there has been strict adherence to the therapeutic regimen. Attacks of acute gouty arthritis become progressively less frequent and less severe or may cease entirely; chronic joint pain and stiffness gradually improve; and tophaceous urate deposits gradually shrink in size or may be observed to disappear entirely Marson, 1952) .
The long-term treatment has been directed mainly toward the correction of the hyperuricaemia and reduction of the greatly increased miscible pool of uric acid shown to be present in most patients with established chronic gout (Benedict, Forsham, Roche, Soloway, and Stetten, 1950; Bishop, Rand, and Talbott, 1951; Talbott, 1953; Gutman and Yu, 1955) . Although a diet restricted in purines and fat will lower the serum uric acid slightly (Marson, 1953; Gutman and Y%, 1955) , dietary restrictions have been only partially successful as a treatment measure Talbott, 1953; Gutman and Yu, 1955) . Practical drugs having a uricosuric action. These agents have in common the property of increasing urinary uric acid excretion through their blocking effect on tubular reabsorption (Sirota, Yfl, and Gutman, 1952; Yu, Sirota, and Gutman, 1953; Talbott, 1953; Yu and Gutman, 1955) . The existing positive urate balance is reversed to a negative balance and the concentration of uric acid in the circulating plasma thereby reduced. To be effective, however, the treatment must be uninterrupted and continued over prolonged periods, perhaps indefinitely. Any sustained reduction in the serum uric acid may result in benefit to the patient, but it has become increasingly apparent that the greatest improvement occurs when the serum uric acid is maintained consistently within the normal range.
A variety of substances having uricosuric action are known to exist, but not all of them are suitable for continuous therapy over prolonged periods. Salicylates, either as sodium salicylate or acetylsalicylic acid, have long been known to exert a potent uricosuric effect when administered in a daily dose of 6 to 8 g., and have been used with impressive results (Jennings, 1937; Marson, 1953) . Unfortunately such large doses are generally not well tolerated (Gutman, 1950; Talbott, 1953) . Many patients complain of gastric irritation or suffer salicylism during the early weeks of therapy, although with persistent administration a large proportion of these will eventually develop a tolerance to the drug (Marson, 1954) . The introduction of probenecid as a uricosuric agent (Gutman,ANNALS OF THE RHEUMATIC DISEASES Strickland, 1955; Bauer and Singh, 1957) , prompted its use on a broad scale. The administration of I to 2 g. daily over prolonged periods, results in a distinct reduction in the serum uric acid, and is accompanied by clinical improvement in most instances. However, in some cases the uricosuric effect is inadequate in the smaller doses, while larger doses may not be well tolerated, and in such circumstances the patient may experience little or no improvement. Phenylbutazone has been shown to have a good uricosuric effect when administered in doses of 0-6 to 1 g. daily (YU and others, 1953; Bishop and Beecher, 1953; Wyngaarden, 1955) , and is also very effective in controlling the acute attacks of gouty arthritis (Kuzell, Schaffarzick, Naugler, Koets, Mankle, Brown, and Champlin, 1955; Wilson, Huffman, and Smyth, 1956 ). However, its salt retaining properties (Yu and others, 1953; Brodie, Lowman, Bums, and five others, 1954a) and reported toxicity (Kuzell, Schaffarzick, Naugler, Gaudin, Mankle, and Brown, 1954; Kuzell and others, 1955; Mauer, 1955) are a distinct disadvantage and have discouraged to a large extent its use for the treatment of chronic gout (Yu and others, 1953) . Recently two new uricosuric agents have been introduced. They are the analogues of phenylbutazone: 4-(phenylthioethyl)-1,2-diphenyl-3,5-pyrazolidinedione (G25671) (Brodie, Yu, Bums, and four others, 1954b ; Yfi, Paton, Chenkin, Bums, Brodie, and Gutman, 1956 ) and 4-(phenylsulfoxyethyl)-1,2-diphenyl-3,5-pyrazolidinedione (G28315) (Bums, Yu, Ritterband, Perel, Gutman, and Brodie, 1957) . Unlike phenylbutazone, these derivatives are of little or no value in the treatment of the acute attacks of gouty arthritis (Yii and others, 1956) . Similarly, their analgesic action appears to be lower, although this has not yet been fully assessed. However, they are potent uricosuric agents, possibly superior to probenecid.
Methods
The present study was undertaken in order to compare a number of uricosuric agents in the treatment of patients with chronic gout. Evaluation was made on the basis of their efficiency in the following respects:
(1) Stimulating an increased excretion of uric acid in the urine;
(2) Lowering the serum uric acid concentration; (3) Sustained action over prolonged periods; (4) Prevention of attacks of gouty arthritis;
(5) Toxicity.
In the study were included probenecid (Benemid), phenylbutazone (Butazolidin), thiophenylpyrazolidine (G25671), sulfoxyphenylpyrazolidine (G28315), acetylsalicylic acid (Aspirin), and ethyl biscoumacetate (Tromexan). All of the drugs were administered in divided doses throughout the 24 hours. Many of the patients received courses of more than one drug in the period under study. The observations include a number of short-term studies in a metabolic unit on controlled diets as well as prolonged administration without dietary control, on the general medical wards or in the out-patient clinic.
The data shown in Figs 1 to 6 illustrate studies undertaken in the Clinical Investigation Unit, under controlled conditions with constant dietary and fluid intake. The diets were designed to maintain optimum weight and excluded foods having a high purine content. Figs 9 to 12 show data obtained on patients in the general medical wards or in the out-patient clinic. The scattergrams, Figs 7 and 8, represent composite data.
Serum and urine uric acid determinations were made by the method of Kem and Stransky (1937) . Serum and urine electrolytes were determined by flame photometry. The patients were followed with routine blood counts including haemoglobin, red cell, white cell, differential, and platelet counts, and periodic determination of the non-protein nitrogen. In a number of instances, renal function studies were carried out, including phenolsulphonphthalein excretion and intravenous pyelography.
As an index of uricosuric action, a clearance ratio was obtained by dividing the pooled 48-hr urine uric acid value by the serum uric acid value obtained in the middle of each 48-hr period, and expressed in litres of serum cleared per day. This figure approximated closely the true uric acid clearances obtained at periodic intervals in the studies. The clearance ratio does not represent an accurate index of renal function synonymous with absolute renal clearance, but it does provide a useful comparison of the uricosuric action of the different drugs tested.
Results
An initial comparison was made between 1 g. G25671 daily for 8 days, and 1 g. Benemid daily for 8 days (Fig. 1, opposite In a second patient (Fig. 2, overleaf) , a similar comparison was made between G25671 1 g. daily for 8 days, and Benemid 2 g. daily for 8 days. With G25671 the serum uric acid dropped from 10 to 5-7 mg. per cent. in 6 days, while with Benemid the decrease was from 9 9 to 6 8 mg. per cent. after 5 days. Again, on the basis of the serum uric acid levels, total urinary uric acid excretion, and clearance ratio, G25671 exhibited greater uricosuric activity.
In a third patient (Fig. 3 , overleaf, p. 429), a comparison was made between 3 g. Benemid daily for 8 days, and 1 g. G25671 daily for 8 days. With Benemid the serum uric acid dropped from a control value of 10 9 mg. to 4-3 mg. per cent. in7days,whilewith G25671 the values dropped from 9 -5 to 4-1 mg. per cent. in 4 days. The increase in total urinary uric acid excretion and the clearance ratio were approximately equal. In these three studies, therefore, it was not until the dose of Benemid was raised to 3 g. daily, that a degree of uricosuric action was obtained comparable to that resulting from 1 g. daily of the G25671. In a fourth patient (Fig. 4 , overleaf, p. 430) the effects of 1 g. G25671 daily were compared with Benemid 1, 2, and 3 g. daily, each for 8 days with control periods of 8 to 12 days between courses. Again, on the basis of serum uric acid values, total urine uric acid excretion, and clearance ratio, 1 g. G25671 daily was found to be as effective or perhaps slightly more effective than 3 g. Benemid daily, suggesting that it was three times as potent a uricosuric agent, per unit of weight.
The fifth study (Fig. 5, overleaf, p. 431) shows a comparison of a number of known uricosuric agents, in doses that were designed to give a comparable uricosuric effect. On the basis of decrease in the serum uric acid and clearance ratio, it will be seen that the effects were roughly comparable with the administration of 1 g. phenylbutazone daily (serum uric acid decrease from 9 8 to 2 9 mg. per cent. in 8 days), 6 g. acetylsalicylic acid daily (serum uric acid decrease from 8 3 to 2 7 mg. per cent. in 8 days), 1 g. G25671 daily (serum uric acid decrease from 7 0 to 2 0 mg. in 6 days), and 3 g. probenecid daily (serum uric acid decrease from 6-6 to 2-5 mg.
per cent. in 8 days). However, on the basis of the data obtained, 200 mg. G28315 daily (serum uric acid decrease from 6 5 to 3 4 mg. per cent. in 8 days) and 900 mg. Tromexan daily (serum uric acid decrease from 7 0 to 4 0 mg. per cent. in 8 days) were somewhat less effective. The dose of 200 mg. G28315 daily was chosen on the basis of data obtained from the manufacturer,* but proved to be too low. The marked increase in urinary uric acid excretion obtained with acetylsalicylic acid was rather surprising. Urinary nitrogen studies done on this patient showed a slight but definite negative nitrogen balance during this period. It is also known that some of the salicylate may be excreted as gentisic acid which is measured in the uric acid determinations (Yu and Gutman, 1949; Pascale and others, 1952) . Unfortunately, preliminary extraction of gentisic acid was not undertaken in the present instance.
In order to obtain a closer approximation of the uricosuric effect of the newer G2831 5, the drug was given to the first patient studied (Fig. 1) , this time in doses of 500 mg. daily (Fig. 6, Many of those treated with G25671 fell into this category, and in all instances the administration of I g. G25671 daily was strikingly more effective (Fig. 10, overleaf, p. 434) . Thus far the administration of G25671 to patients with uncomplicated gout in the doses specified has maintained the serum uric acid consistently within the normal range (Fig. 11 , overleaf, p. 435) for periods up to one year. G2567 I was distinctly more effective than probenecid, even in patients with renal complications and some degree of nitrogen retention who did not respond quite so dramatically. In such cases no further impairment of renal function nor any significant improvement has been observed. The reduction in erythrocyte sedimentation rate with the institution of therapy (Fig. 11, overleaf, (Fig. 12, overleaf, A paradoxical retention of uric acid has been shown to occur when known uricosuric agents such as salicylates, probenecid, phenylbutazone, or the phenylbutazone analogues are administered in low dosage Yu and Gutman, 1955 ). Furthermore, it is known that small doses of salicylates, inadequate in themselves to exhibit uricosuric effect, will tend to block the uricosuric action of probenecid (Gutman and Yui, 1952; Pascale and others, 1952) . It was of interest in the present study to note that small doses of salicylates administered together with either of the two phenylbutazone analogues similarly blocked the uricosuric action of the latter. On the other hand, there does not appear to be any blocking effect of probenecid, phenylbutazone, or the phenylbutazone analogues when used in combination with one another (Yu and others, 1953) . It is important therefore, to remember that salicylates must not be administered, even in small doses, while the patient is under treatment with probenecid or the newer phenylbutazone analogues (G25671 and G283 15). Discussion Uricosuric Action. In view of the fact that the long-term management of patients with chronic gouty arthritis is currently directed toward reducing the level of the serum uric acid by increasing urinary excretion and thereby reducing the total miscible pool, the search for more effective uricosuric agents would appear to be justified. In the past 7 years this role has been occupied almost exclusively by probenecid, a relatively non-toxic drug. daily (Talbott, 1953; Gutman and Yu, 1955; Bartels, 1955; Bauer and Singh, 1957 (Kuzell and others, 1954, 1955) believe it to be the best agent yet available for this purpose. The addition of colchicine in maintenance doses thus becomes unnecessary. Furthermore, because its action is delayed and more prolonged than that of other uricosuric agents (Yu and others, 1956) , the omission of the medication for a few days at a time would not be a serious matter. Two new uricosuric agents, both derivatives of phenylbutazone, have been subjected to trials in a small group of patients with encouraging results. G25671 was shown to be approximately three times and G28315 approximately six times as potent as probenecid, per unit of weight. The optimum dose for maximum uricosuric effect was found to be 1 g. G25671 daily and 0-5 g. G28315 daily. No loss of uricosuric effect was noted with prolonged administration (up to 12 months in the case of G25671 and 4 months in the case of G28315). The duration of action of both drugs was somewhat less than with phenylbutazone, being approximately equal to that of probenecid, and the omission of the treatment for 2 or 3 days was followed by a prompt rise in the serum uric acid level. The greater effectiveness of these drugs over that of probenecid and their ability to reduce the serum uric acid to normal values was observed even in the presence of impaired renal function and with a moderate degree of nitrogen retention. Neither agent exhibited any significant effect on sodium or potassium excretion. The uricosuric action of ethyl biscoumacetate (Tromexan) (Sougin-Mibashan and Horwitz, 1955) is of academic interest only, since its effect on the blood-clotting system precludes its use as a treatment measure in gout. In the one patient to whom Tromexan was administered, it appeared to be at least as effective as a uricosuric agent as probenecid.
Clinical Response.-Improvement in the clinical symptoms and manifestations of chronic gout was observed with all agents which exhibited uricosuric action. Ethyl biscoumacetate and phenylbutazone, however, are not suitable for this purpose, for reasons already mentioned. Salicylates, in the doses necessary for good uricosuric action, were not tolerated for more than 3 months. Of the four patients so treated, two developed tinnitus with deafness and one complained of severe gastric irritation. In general, probenecid was well tolerated by those patients in whom a good uricosuric effect was obtained with doses of 1 to 1 5 g. daily. In most of these patients colchicine was administered concurrently in suppressive doses of 1 to 1-5 mg. daily. Chronic symptoms of stiffness and aching in various joints persisted in many patients though . group.bmj.com on October 29, 2017 -Published by http://ard.bmj.com/ Downloaded from ANNALS OF THE RHEUMATIC DISEASES tration of pyribenzamine and did not recur despite continuation of G25671. No other toxic manifestations were noted, although the white cell count was depressed slightly in several patients. Invariably, the uricosuric response was greater than that to probenecid in the ratio of 3 to 1 per unit of weight. One patient who had previously experienced aggravation of acute attacks with probenecid, also experienced four attacks of severe acute gouty arthritis during the first 6 weeks of G25671, even with the addition of 1-2 mg. colchicine daily, and five other patients experienced from one to three mild attacks during the first month of treatment. For this reason suppressive doses of colchicine were used at the commencement of treatment, especially in patients prone to frequent attacks of acute gouty arthritis. However, acute attacks were completely suppressed in all the remaining patients after therapy with G25671 was begun. All patients noted progressive improvement in chronic stiffness and pain, increased strength, energy, and general sense of well being, to a degree not previously observed with probenecid. In general, the greatest improvement was noted in those patients in whom the serum uric acid was maintained well below the upper range of normal. This rather striking improvement made it possible to discontinue the practice of combined therapy with suppressive doses of colchicine after the serum uric acid had been depressed to normal values for approximately 4 to 6 weeks, without the precipitation of further acute attacks of gouty arthritis.
The group of eleven patients treated with G28315 is too small and the period of therapy too short for adequate evaluation. Thus far, however, the clinical improvement and uricosuric action observed with 0 5 g. daily of the newer analogue have been comparable to that obtained with 1 g. daily of G25671. No toxic effects have been observed. In view of the smaller doses required, it is possible that this enhanced action of the drug may lessen the risk of toxic manifestations with more prolonged administration.
During the relatively short period of this study, no significant changes were noted in the size of visible tophaceous deposits. There was no instance of calculus formation and no further impairment of pre-existing renal damage with any of the forms of therapy used. Summary A comparative evaluation has been made of a number of known uricosuric agents in the treatment of patients with gout, including probenecid (Benemid), phenylbutazone (Butazolidin), thiophenylpyrazolidine (G25671), sulphoxyphenylpyrazolidine (G28315), acetyl salicylic acid (Aspirin), and ethyl biscoumacetate (Tromexan). The uricosuric effect, suppression of recurring attacks of acute gouty arthritis and clinical improvement in the chronic gouty manifestations were distinctly superior with the two new phenylbutazone derivatives, G25671 and G28315. Per unit of weight, they were respectively about three and six times as potent as probenecid, both in lowering the level of the serum uric acid and in increasing the urinary excretion of uric acid. This uricosuric action appeared to be well sustained over prolonged periods of 3 to 12 months. No serious toxic manifestations were noted in the group of patients studied, although this possibility must be kept in mind, particularly in regard to the wider application of the phenylbutazone analogues in the treatment of chronic l'urine. Cette action uricosurique paraissait bien se souteinir sur des periodes prolongees de 3 a 12 mois. Aucune manifestation toxique serieuse ne fut notee dans le groupe de malades studies, bien qu'il faille garder leur possibility a l'esprit, en particulier en ce qui concern l'emploi plus generalise des analogues du phenylbutazone dans le traitement de la goutte chronique.
Valoracion de los agentes uricosuricos en la gota cr6nica SUMARIO Varios agentes uricosiiricos empleados en el tratamiento de la gota fueron avalorados comparativamente: probenecid (Benemid), fenilbutazona (Butazolidina), tiofenilpirazolidina (G25671), sulfoxifenilpirazolidina (G28315), acido acetilsalicilico (Aspirina), y etil-biscoumacetato (Tromexan). El efecto uricosurico, la supresi6n de ataques recurrentes de artritis gotosa aguda y la mejoria clinica de las manifestaciones gotosas cr6nicas fueron netamente superiores con los dos nuevos derivados de la fenilbutazona, el G25671, y el G28315. A peso igual, estos fueron respectivamente tres y seis veces mas poderosos que el probenecid en su capacidad de hacer bajar el acido urico en el suero y aumentar su excreci6n urinaria. Esta acci6n uricosurica pareci6 mantenerse durante periodos prolongados de 3 a 12 meses. En el grupo de los enfermos estudiados no se notaron manifestaciones t6xicas serias, pero se debe estar alerta a su posibilidad, al considerar el empleo mas general de los anAlogos de la fenilbutazona en el tratamiento de la gota cr6nica.
